Purpose: The purpose of this study was to assess the prevalence of meibomian gland dysfunction (MGD) and its association with tear film and ocular surface parameters in an Austrian clinical population of dry eye patients. Methods: The records of 1372 consecutive patients from a dry eye unit were analysed retrospectively. Symptoms and objective tear film and ocular surface parameters were evaluated. Patients were classified into pure MGD, pure aqueous tear deficiency (ATD), MGD combined with ATD, pure anterior blepharitis (AB), Sjogren's syndrome (SS) without MGD and SS together with MGD. Results: Nine-hundred and sixty-five patients, that is 70.3% of the investigated population, mean age 55.4 AE 16.6 years, had signs of MGD. Of these, 684 (70.9%) were female. The intensity of symptoms did not differ between subgroups. Four hundred and ninety (50.8%) MGD patients had Schirmer test values ≤10 mm/5 min. The fluorescein break-up time and Schirmer test values were significantly higher in the pure AB and MGD group. The pure MGD group showed a significantly lower fluorescein staining of the cornea compared to the other groups, except for pure AB. Lissamine green staining of the ocular surface was present in all groups, but was at least pronounced in the pure MGD and AB group. Conclusion: Meibomian gland dysfunction is a major cause of ocular discomfort and could often be found in combination with a reduced aqueous tear secretion. Although the intensity of subjective complaints was similar to all other subgroups, pure MGD exhibited the lowest severity of signs of ocular surface damage and also affected younger people.
Introduction
The meibomian glands are large sebaceous glands, located as separate, parallel strands within the tarsal plates of the upper and lower eyelid. Their oily secretion (meibum) is produced by a holocrine secretory process in which, after the formation and storage of lipids, the secretory cells (meibocytes) are completely converted into the meibum .
The meibum forms the superficial lipid layer of the preocular tear film. This lipid layer is of great importance for the stability of the tear film. The meibomian oil is also responsible for the formation of an optically smooth tear film layer . A lack of the lipid layer, for example resulting from an obstruction of the ducts of the meibomian glands, leads to an increased evaporation of tears (Mishima & Maurice 1961) , consecutively to an increase in tear osmolarity (Gilbard et al. 1989 ). These changes result in an impaired lubrication, inflammation (2007a) and damage to the ocular surface (Gilbard et al. 1989) .
A functional disorder of the meibomian glands is often referred to as posterior blepharitis or meibomian gland dysfunction (MGD). Meibomian gland dysfunction (MGD) is the major cause of evaporative dry eye (EDE; Schaumberg et al. 2011) .
In 1995, Heiligenhaus and colleagues (Heiligenhaus et al. 1995) found disorders of the lipid layer of the tear film in about 75% of dry eye patients regardless of cause; 65% of patients with symptoms such as eye irritation, burning of the eyes, foreign body sensation and epiphora suffer from MGD (Shimazaki et al. 1995; . Current literature even suggests that up to 86% of dry eye patients demonstrate signs of MGD (Lemp et al. 2012) . However, it has to be noted that MGD can also be present in asymptomatic patients (Korb & Henriquez 1980; Knop et al. 2010) .
The primary reason for MGD is thought to be based on an obstructive disorder, caused by increased keratinization of the terminal ducts, the presence of squamous debris and a thickening of the meibum .
The prevalence of MGD in the normal population is reported to be highly variable and in various studies ranges between 3.5% and 70%. It seems to be higher in Asian populations (Schein et al. 1997; Schaumberg et al. 2011; Siak et al. 2012) .
The purpose of this study was to assess the Austrian prevalence of MGD and the association of MGD with routinely measured tear film and ocular surface parameters, in a large clinical population of dry eye patients, retrospectively.
Materials and Methods
Approval of the local IRB was obtained to analyse the records of patients with dry eye symptoms, such as dryness, foreign body sensation, burning, increased sensitivity to light, sensation of pressure and frequent blinking, who were investigated at the dry eye unit of the ophthalmological department, Medical University of Graz, Austria, between 2004 and 2010. As all data were analysed anonymously, no consent was required. The study and the lack of a written or verbal consent were approved by the IRB with the approval number 26-270 ex 13/ 14. The research followed the tenets of the Declaration of Helsinki. Patients who had undergone ocular surgery in the past 6 months were excluded.
Objective tear film and ocular surface parameters of both eyes were analysed, including an evaluation of the lid margins and an assessment of subjective symptoms.
The fluorescein tear film break-up time (FBUT) was determined after the application of dye into the tear film by a fluorescein strip (Haag-Streit, Bern, CH) moistened with physiological saline. The patient was instructed to blink a few times and then to keep the eyes open. Film break-up time (FBUT) was always assessed in the right eye first. The precorneal tear film was observed at 10-fold magnification using a slit lamp with cobalt blue illumination. By a stopwatch, the time until the breakup of the tear film was measured three times and the mean was documented. Subsequently, the extent of fluorescein staining of the cornea was reported using an area and density (score 0-3; Horwath-Winter et al. 2003) .
The Schirmer test was carried out without prior application of a local anaesthetic. Filter paper strips (Clement Clark International Ltd, Harlow, UK) were bent at the notch and hooked over the lateral lower lid margin for 5 min, with the patient instructed to keep the eyes closed gently. The wetting length of the filter paper strip was read from the calibrated scale, in millimetres and documented.
Further evaluation of the ocular surface was performed by lissamine green staining. The dye was always applied in the same way. The lissamine green strips (HUB Pharmaceuticals, Rancho Cucamonga, CA, USA) were moistened with one drop of physiological saline and dye was introduced into the lower conjunctival sac. Staining of the nasal, central and temporal third of the ocular surface was scored according to van Bijsterveld: all three regions each having a scale of 0-3 points and the results added, resulting in a maximum total score of 9 points per eye (van Bijsterveld 1990) .
The intensity of the symptoms was assessed using a visual analogue scale (VAS) from 0 to 100 mm, where '0' represents no complaints and '100' the maximum amount of discomfort. Patients were asked to grade the average intensity of their dry eye symptoms within the last week.
The presence of telangiectasia, erythema and irregularity of the lid margins, a shifting of the openings of the meibomian glands, together with changes in the expressibility and quality of the meibum, for example waxy secretion or no secretion at all, or plugging of the orifices, was counted as signs of MGD (Tomlinson et al. 2011) . Expressibility and quality of the meibum were evaluated after applying pressure to the skin of the middle of the lower and upper lid, (the 10 central meibomian glands) with a cotton tip.
For further analysis, the patients were divided into the following subgroups: (1) pure MGD (reduced expressibility and/or quality of the meibum, as well as morphological changes of the lid margins, such as telangiectasia, irregularity and a shifting of the openings of the meibomian glands) -no signs of anterior blepharitis (AB) or aqueous tear deficiency (ATD) (2) pure ATD (Schirmer values ≤5 mm/5 min in at least one eye) -no signs of AB or MGD, no Sjogren's syndrome (SS -criteria according to the American-European Consensus Group (Vitali et al. 2002) ) (3) MGD + ATD (both MGD and ATDcriteriamet)-nosignsofABandSS (4) pure AB (erythema of the lid margin and the presence of squamous debris and/or crusts at the cilia) -no signs of ATD, MGD and SS (5) SS without MGD (6) SS with MGD (both SS and MGD criteria met)
Other ocular surface conditions such as conjunctivochalasis, exposure and blink disorders were included in the group entitled 'other diagnoses'.
Tear film and ocular surface parameters are described as means, with standard deviations in parentheses and frequencies (with percentages) of categorical parameters are displayed. 
Results
The records of 1372 consecutive patients with dry eye symptoms, who were investigated at the dry eye unit of the ophthalmological department, Medical University of Graz, Austria, between 2004 and 2010, could be analysed. The mean age was 54.3 AE 17.8 years, and 71.3% were female.
Signs of meibomian gland dysfunction were found in 965 (70.3%) of all patients. The mean age of these patients was 55.4 AE 16.6 years, and 684 (70.9%) were female. Four hundred and ninety (50.8%) of the MGD patients showed Schirmer values less than or equal to 10 mm/5 min, and 283 (29.3%) less than or equal to 5 mm/ 5 min. Anterior blepharitis (AB) was seen in 99 (10.3%) of the MGD patients. Sjogren's syndrome (SS) was seen in 39 (4.0%) of patients with signs of MGD.
According to the classification into the distinct subgroups, pure MGD was present in 598 (43.6%), isolated ATD in 101 (7.4%), MGD combined with ATD in 229 (16.7%) and pure AB in 51 (3.7%) of all patients. Sjogren's syndrome (SS) combined with MGD was diagnosed in 39 (2.8%) and SS without MGD in 40 (2.9%) of all patients, thus resulting in a study population of 1058 patients. Table 1 shows the results of the individual analysis of the specified parameters for the evaluated subgroups (pure MGD, pure ATD, MGD + ATD, pure AB, SSÀMGD and SS + MGD). The following mixed groups were not included in the table for a better visualization (MGD + AB: n = 69 (5.0%), MGD + ATD + AB: n = 30 (2.2%), ATD + AB: n = 18 (1.3%) and other diagnoses: n = 197 (14.4%)).
The age distribution within the subgroups is further illustrated in Fig. 1 .
The pure MGD group had a significantly lower age than the MGD + ATD group.
In all groups, except for the pure AB group, women were more often affected than men. Relatively more women were affected in the SS group.
The intensity of the subjective symptoms according to the VAS was not different between the groups.
The evaluation of the tear film and ocular surface parameters in pure MGD showed a lower total severity of the ocular surface disease compared to patients suffering from isolated ATD.
The FBUT and Schirmer values were significantly higher in the pure AB and pure MGD group than in all other groups, with no differences between these two groups.
The pure MGD group showed a significantly lower fluorescein staining of the cornea compared to the other subgroups, except for pure AB.
Lissamine green staining of the ocular surface was present in all groups. The pure MGDs lissamine green staining was significantly less than all other groups except for pure AB. The two SS groups showed significantly higher LG staining than all other groups.
Systemic diseases other than SS with known influence on ocular surface disease were present in some patients of the study population, for example allergies (29.2%), arterial hypertension (20.3%), depression (4.3%), diabetes (3.8%), migraine (5.3%), skin disease (7.2%) and thyroid disease (21.2%). There was no statistically significant difference between the subgroups, except for skin diseases, with the highest occurrence in the pure AB group (15.7%).
One-hundred and ninety-one (18.1%) patients of the study population had previous ocular surgery, none of them within the last 6 months. The highest occurrence was observed in the pure AB group (39.2%).
Eighty-four (7.9%) patients of the study population were contact lens wearers. There was no statistically significant difference between the subgroups. Lemp et al. 2012) .
Discussion
One of the most common causes of EDE is thought to be MGD . Very often, a hyposecretory, obstructive condition of the meibomian glands can be observed. This is thought to be due to an increased keratinization of the terminal ducts, the presence of squamous debris and a more viscous meibomian lipid (Knop et al. 2011 ). The literature also indicates a variant of hypersecretory MGD. There are controversial views regarding the definition, distribution and prevalence (Nelson et al. 2011 ). In our study population, the hyposecretory, obstructive variant of MGD was present almost exclusively. This may be because the average age of our MGD patients was 55.4 AE 16.6 years. According to Nien and colleagues, the hypersecretory MGD can primarily be found in younger patients (Nien et al. 2011) .
In different studies, the prevalence of MGD in the general population is reported very variable with about 3.5% to 70%. It was found to be higher in the Asian than in the Caucasian population (Schein et al. 1997; Schaumberg et al. 2011; Siak et al. 2012) . Frequencies of 20% to 90% were reported in clinical populations. Most of the investigations were performed on selected populations such as contact lens wearers or patients with dry eye (Korb & Henriquez 1980; Ong & Larke 1990; Shimazaki et al. 1995) . A possible reason for the divergent results regarding the prevalence of MGD in the previously published literature is the use of different definitions for the existence of MGD (Viso et al. 2012) . The MGD report defines the presence of telangiectasia, erythema and irregularity of the lid margins, a shifting of the meibomian glands orifices, as well as changes in the expressibility and quality of the meibum as signs of MGD (Arita et al. 2009; Tomlinson et al. 2011 ).
In the present study, the medical records of 1372 consecutive patients with dry eye symptoms were analysed retrospectively.
In 70.3% of patients, signs of MGD, as defined by the MGD report, could be observed. Our results show a high prevalence of MGD in this large, clinical, Austrian population. As already reported by Shimazaki and colleagues (Shimazaki et al. 1995) , MGD was often combined with ATD. 490 (50.8%) of patients with signs of MGD showed Schirmer values less than or equal to 10 mm/5 min, and 283 (29.3%) less than or equal to 5 mm/5 min, by definition, an ATD. The majority of these patients were female (70.9%). This distribution is consistent with previously published gender distributions in the context of studies on ocular surface disease, especially in relation to ATD (2007b) ;. However, it is thought that the presence of EDE due solely to MGD is observed in men more often than in women (Viso et al. 2012) .
Corroborating Lemp and colleagues (Lemp et al. 2012) , we observed that dry eye patients classified with isolated EDE characterized by signs of MGD were approximately six times more common than purely aqueous-deficient patients.
No significant differences between the subgroups in terms of subjective symptoms could be found. The overlap of symptoms between EDE and ATDinduced dry eye makes a distinction based on subjective symptoms difficult Bartlett et al. 2015) . There is still no standardized questionnaire specifically targeting EDE and MGD available. Additionally to the VAS, the Ocular Surface Disease Index questionnaire (OSDI) is used as a standardized survey for ocular surface discomfort (Schiffman et al. 2000) . Unfortunately, it could not be evaluated in this study, because it had not been established at our dry eye unit at that time. Nevertheless, visual analogue scales have been used frequently for the assessment of both chronic and acute pain in a variety of conditions and are still seen as a reliable measure in dry eye studies (McCormack et al. 1988; Gaston-Johansson 1996; Bijur et al. 2001; Schaumberg et al. 2007; Ishida et al. 2008) . Currently, we routinely use the VAS, as well as the OSDI for the assessment of subjective symptoms.
The intensity of subjective symptoms in MGD was equal to that in ATD, despite a lesser staining of the ocular surface. Rosenthal and colleagues concluded that the link between MGD and chronic corneal symptoms may be governed by other factors -in particular, the sensitivity of responsive corneal nociceptors (Rosenthal & Borsook 2012) . A possible drawback of our study is that we did not measure corneal sensitivity routinely.
Patients with pure MGD had a longer FBUT than those suffering from pure ATD, MGD + ATD, SS + MGD and SSÀMGD. Film break-up time (FBUT) is a well-known global parameter for dry eye rather than a parameter only related to MGD. Pflugfelder et al. as well as Lemp and colleagues already reported a short FBUT in pure ATD (Pflugfelder et al. 1998; Lemp et al. 2012) .
The function of the meibomian glands depends on various endogenous and exogenous factors. The development and progression of MGD can be influenced by ophthalmic, systemic, hormonal and genetic factors, as well as drugs, chemical and mechanical noxious agents (Schaumberg et al. 2011) . As MGD is a potentially multifactorial disease, further studies on the extent of the various influences are warranted. Studies targeted on the prevalence of asymptomatic MGD within the normal population are sparse, as it can be assumed that in this early stage, potential long-term consequences, such as the irreversible loss of meibomian glands, might possibly be prevented , Viso et al. 2012 .
Meibomian gland dysfunction patients tended to be younger, whereas MGD + ATD occurred more Fig. 1 . Three-category age distribution in the six diagnosis groups. The distribution of the threecategory age (younger than 40 years, 40 to 60 years and older or equal than 60 years) shows a higher proportion of over 60-year-old patients in the pure anterior blepharitis group and a higher proportion of younger than 40-year-old patients in the pure meibomian gland dysfunction group.
frequently in the elderly. It is thought that changes in lifestyle during the last decades, like the increased use of electronic media and video display terminals, might be partly responsible for more and more young people affected (Schaumberg et al. 2011 ).
The performance of accurate diagnostics and classification is essential for the clinical management and targeted therapy of dry eye patients.
The present study included patients with dry eye symptoms, who were investigated at our dry eye unit and was lacking a healthy control group. By our study design, we may have missed up to 40% of patients with dry eye signs not presenting with symptoms (Nichols et al. 2004; Sullivan et al. 2012a) .
A further limitation of our study is the use of traditional dry eye tests without the newer technologies providing a more accurate picture of objective changes in dry eye disease (e.g. noninvasive tear film break-up time, osmolarity testing, visualization of the lipid layer and meibomian gland morphology; Sullivan et al. 2012b; Wolffsohn et al. 2017) . Despite their potential advantages over common tests, these are usually not a part of the routine ocular examination (e.g. for cost reasons) and further studies are needed to determine their precise role in the diagnosis and follow-up of patients with dry eye (Thulasi & Djalilian 2017) .
Our study, showing that MGD is a major cause of ocular discomfort, often combined with a reduced aqueous tear secretion, represents a snapshot in time and location, which might be useful in forming a good baseline for comparison with studies using newer technology in diagnosis and management of dry eye.
